ENGINE AUXILIARY UNIT DRIVING EQUIPMENT 

CROSS REFERENCE TO RELATED APPLICATION 
This application is based upon and claims the benefit 
5 of priority of Japanese Patent Application No. 2001-8111 filed 
on January 16, 2001, the content of which is incorporated herein 
by reference. 

El BACKGROUND OF THE INVENTION 

O 

tU 1. Field of the Invention: 

The present invention relates to an engine auxiliary unit 

^ - 

~2 driving equipment for a vehicle such as a passenger car and 

L. a truck, in which engine driving force is transmitted from a 

!*f crank pulley fixed to an engine crankshaft, via a belt, to each 

Q driven pulley of a plurality of engine auxiliary units. 
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2. Description of Related Art: 

It is a recent tendency that a driving torque for operating 
engine auxiliary units is higher as each of the engine auxiliary 

20 units is required to generate a larger output. For example, 
an alternator for a vehicle is required to have a higher power 
generation capacity since electric loads, typically, due to 
various safety control devices are newly demanded. 

To cope with the requirement of the driving torque increase , 

2 5 a poly V pulley having a multi number of V shaped grooves and 
a poly V belt having a multi number of V shaped projections, 
which contact each other with larger contact areas, have been 
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widely used for driving the respective engine auxiliary units 
without a slip between the pulley and the belt. To transmit 
higher driving torque, which is highly demanded recently, it 
4/'*/fl is contemplated toifi©^8*increase the contact areas of the pulley 
5 and the belt in such a manner that a winding or overlapping 
angle at which the pulley and the belt come in contact with 
each other is enlarged or a piece number of grooves of the pulley 
^ and a piece number of projections of the belt are increased. 

However, a space of an engine room is getting smaller 
Iv to achieve a slant nose shape of a vehicle body, which reduces 
J 8 ;! a cruising resistance of the vehicle and brings a lower fuel 
consumption, or to secure a larger passenger room space. 
*rf Accordingly, a freedom of layout of the respective engine 
auxiliary units in the engine room is restricted so that it 

O 

M is very difficult for each of the pulleys and the belt to be 

i y 

arranged so as to have more enlarged winding angle . On the other 
hand, the pulley and belt whose respective piece numbers of 
grooves and projections are more increased have been put into 
use even in a compact passenger car, as exemplified by an 

20 alternator disclosed in JP-Y2-6-6688 in which a poly-V pulley 
thereof has six or more pieces of grooves. 

Further, an inertia force of each rotor of the engine 
auxiliary units , which is fixed to the driven pulley and rotatable 
together therewith, becomes larger . Accordingly, at a time when 

25 an engine revolution largely varies due to an explosion stroke 
of the engine, typically, at an idling time when the engine 
revolution is low and unstable, the inertia force of each rotor 
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of the engine auxiliary units is operative to increase a speed 
of the belt, which is to be reduced by a speed reduction of 
the crank pulley. 

JsTfl 4//k/£3 This will cause £q /p- luotua - fc o ^ens ion of the belt in a 
5 longitudinal direction and to flap the belt. When a tension 
fluctuation frequency is substantially coincident with a natural 
frequency that is defined by a distance between pulleys, a mass 
per unit length of the belt and so on, a resonance is likely 
p to occur, causing the larger belt flapping that results in 
i|0 enhancing belt noises and shortening life time of the belt. 
01 In particular, in the alternator that is one of the various 
jE engine auxiliary units, whose entire body has been enlarged 
p to meet the demand of larger electric load, a weight of a rotor 
L, coil has been gained to produce a larger magnetic force , resulting 

Hp in increasing the inertia of the rotor. Accordingly, the larger 

fjj 

belt flapping, or the resonance, is likely to occur more 
frequently in the belt around the pulley of the alternator. 

To solve this drawback, an alternator that is provided 
with a clutch pulley having a one-way clutch mechanism is proposed , 

20 as disclosed in JP-A-2000-130563 . With this construction, the 
clutch mechanism is locked at an engine acceleration so that 
the engine torque is transmitted to the alternator but is raced 
at an engine deceleration so that the inertia of the rotor of 
the alternator is not transmitted to the belt. 

25 Further, the pulley is attached to each of the engine 

auxiliary units with a so-called 'overhang' arrangement in which 
the belt tension is applied to a position away from each main 
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body of the engine auxiliary units. Accordingly, a moment load 
applied to the pulley causes to incline the pulley in an exerting 
direction of the belt tension. Therefore, the belt that puts 
on the respective pulleys rotates in such a bevel shape that 
a round length of the belt on a width side away from each main 
body of the engine auxiliary units is shorter than that on a 
width side near thereto, as shown in Fig. 9. As the piece number 
of grooves of the poly-V pulley increases , the bevel shape becomes 
more distinctly slanted one. 

Since the round length of the belt on one width side becomes 
different from that on the other width side, tensile strength 
produced in a width direction as shown by arrows in Fig. 9 act 
on the belt. If the belt tension in a longitudinal direction 
is increased to lower the belt slip, the tensile strength produced 
in a width direction becomes larger. As a plurality of core 
wires extending in a longitudinal direction are embedded in 
the belt, the belt has a sufficient resistance against tensile 
strength acting in the longitudinal direction. However, the 
belt does not have a sufficient resistance against the tensile 
strength acting in a width direction so that there likely occurs 
a crack in the belt due to the tens ile strength in a width direction , 
resulting in shortening a lifetime of the belt. 

Moreover, the clutch pulley disclosed in JP-A-2000-130563 
has an advantage that the tension fluctuation is limited and 
the flapping of the poly-V belt is restricted since the inertia 
of the rotor is not transmitted to the poly-V belt. However, 
the clutch pulley is composed of many parts such as rollers, 
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springs and bearings and the manufacturing processes including 
heat treatment and assembly processes are complicated so that 
the clutch pulley can not be manufactured at a lower cost. 

5 SUMMARY OF THE INVENTION 

An object of the invention is to provide an engine auxiliary 
unit driving equipment in which a poly-V belt has a longer lifetime , 
a belt noise due to the belt flapping is smaller and its 
o manufacturing cost is lower. 

LS To achieve the above object, in an engine auxiliary unit 

fft driving equipment for transmitting an engine driving force from 
J5 a crank pulley fixed to an engine crankshaft to a plurality 
p of engine auxiliary units, one of which is an alternator for 
L, a vehicle , the alternator is provided with a driven poly-V pulley 
lf§ having a plurality of grooves extending in a circumferential 
direction. A poly-V belt, which has a plurality of projections 
extending in a longitudinal direction so as to correspond to 
the grooves of the driven poly-V pulley, bridges between the 
crank pulley and the driven poly-V pulley so that the engine 
2 0 driving force is transmitted, via the poly-V belt, the driven 
poly-V pulley. The poly-V belt is composed of a plurality of 
pieces substantially divided in an axial direction of the driven 
poly-V pulley so that each piece of the divided poly-V belts 
has a plurality of projections extending in a longitudinal 
2 5 direction. 

With the equipment mentioned above, a tensile strength 
acting in a width direction of the poly-V belt is substantially 
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divided midway between adjacent pieces of the divided poly-V 
belt so that cracks in the round poly-V belt hardly occurs, 
resulting in securing a longer lifetime of the poly-V belt. 
Further, shifting a value of natural frequency of the poly-V 
belt around the alternator serves to limit a belt flapping 
increase due to resonance at an idling time when a revolution 
fluctuation is larger. Moreover, revolutions or tensions of 
respective pieces of the divided poly-V belts are not same to 
each other so that the respective pieces of the divided poly-V 
belt hardly resonate at the same time . Accordingly, the lifetime 
of the poly-V belt becomes longer and the belt flapping noise 
can be reduced at a lower cost without using the conventional 
clutch pulley. 

It is preferable that another of the engine auxiliary 
units other than the alternator is provided with another driven 
poly-V pulley on which the respective pieces of the divided 
ploy-V belts are wound in parallel on the another driven poly-V 
pulley to extend perpendicularly to the axial direction thereof 
so that the engine driving force is transmitted from the crank 
pulley, via the respective pieces of the divided poly-V belts, 
not only to the alternator but also to the another of the engine 
auxiliary units. 

Further, preferably, confronting side surfaces of any 
adjacent pieces of the divided poly-V belts come in contact 
with each other. When one of the adjacent pieces of the divided 
poly-V belts is about to flap, the other of the adjacent pieces 
of the divided poly-V belts serves to restrict flapping movement 



of the one of adjacent pieces of the divided poly-V belts since 
the confronting side surfaces thereof come in contact with each 
other. Accordingly, this construction results in lowering belt 
noises due to the belt flapping and securing longer lifetime 
of the poly-V belt. 

Furthermore, it is preferable that the adjacent pieces 
of the divided poly-V belts are joined with a resilient member 
whose stiffness is remarkably lower than that of the poly-V 
belt. With this construction, an installation work for putting 
the poly-V belt on the poly-V pulleys is simpler so that a total 
manufacturing cost of the vehicle is lower. 

Moreover, preferably, respective longitudinal lengths 
or weights per unit length of the divided poly-V belts are 
different so that the respective divided poly-V belts are 
prevented from resonating at the same frequency. 

BRIEF DESCRIPTION OF THE DRAWING 
Other features and advantages of the present invention 
will be appreciated, as well as methods of operation and the 
function of the related parts, from a study of the following 
detailed description, the appended claims, and the drawings, 
all of which form a part of this application. In the drawings: 
Fig. 1 is a schematic perspective view showing an entire 
structure of an engine auxiliary unit driving equipment 
according to a first embodiment of the present invention; 

Fig. 2 is a cross sectional view taken along an axial 
direction of a poly-V pulley on which a poly-V belt is wound 
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according to the first embodiment; 

Fig. 3 is a perspective view of the one of the poly-V 
pulleys of Fig. 2; 

Fig. 4 is a cross sectional view taken along an axial 
5 direction of a poly-V pulley on which a poly-V belt is wound 
according to a third embodiment; 

Fig. 5A is a cross sectional view taken along an axial 
direction of a poly-V pulley on which a poly-V belt is wound 

Ms 

2 according to a fourth embodiment; 

1# Fig. 5B is a cross sectional view taken along an axial 

51 direction of a poly-V pulley on which a poly-V belt is wound 
=P according to a modified embodiment of the fourth embodiment; 
□ Fig. 6 is a cross sectional view taken along an axial 

M= direction of a poly-V pulley on which a poly-V belt is wound 
1® according to a fifth embodiment; 

Fig. 7 is a cross sectional view taken along an axial 
direction of a poly-V pulley on which a poly-V belt is wound 
according to a sixth embodiment; 

Fig. 8 is a cross sectional view taken along an axial 
2 0 direction of a poly-V pulley on which a poly-V belt is wound 
according to a seventh embodiment; and 

Fig. 9 is a schematic perspective view of a conventional 
poly-V belt put on poly-V pulleys as a prior art. 

2 5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(First embodiment) 

A first embodiment of the present invention is described 
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with reference to Figs . 1 to 3 . Fig. 1 shows an entire structure 
of a serpentine type engine auxiliary unit driving equipment 
in which an engine driving force is transmitted from a crank 
pulley 3 to be fixed to an engine crankshaft (not shown), via 
a belt 1 composed of two pieces of poly-V belts la and lb, to 
driven poly-V pulleys of various engine auxiliary units such 
as a poly-V pulley 4 of an air conditioner, a poly-V pulley 
5 of an alternator, a poly-V pulley 6 of a power steering and 
a poly-V pulley 7 of a water pump pulley through driven poly-V 
pulleys such as an automatic tension adjusting poly-V pulley 
8 and an idling poly-V pulley 9. 

As shown in Fig, 2, the two pieces of poly-V belts la and 
lb are arranged in parallel. Each piece of the poly-V belts 
la or lb, which is made of rubber, is provided with a plurality 
of projections 10 each extending in a longitudinal direction. 
A plurality of core wires 20, which extend in a longitudinal 
direction in parallel to each other and in parallel to each 
of the projections 10, are embedded in each piece of the poly-V 
belts la or lb. Each of the driven poly-V pulleys 4 to 7 has 
six grooves 30 and is arranged at one end of each rotating axis 
of the engine auxiliary unite in a so called "overhang" state. 

As exemplified in Fig. 2 which shows a cross sectional 
view taken along an axial direction of a poly-V pulley 5 of 
the alternator on which the belt 1 is put, the poly-V belt la 
has three projections 10 engaged with the three grooves 30 of 
each of the poly-V pulleys 4 to 7 on a width side near to each 
main body of the engine auxiliary units. On the other hand, 



the poly-V belt lb has three projections 10 engaged with the 
three grooves 30 of each of the poly-V pulleys 4 to 7 on a width 
side far from each main body of the engine auxiliary units. 
After putting the two pieces of the poly-V belts la and lb on 
the respective poly-V pulleys 4 to 7 of the engine auxiliary 
units and the idling pulley 9, tensions of the two pieces of 
the poly-V belts la and lb are adequately regulated by the 
automatic tension adjusting poly-V pulley 8. 

According to the engine auxiliary unit driving equipment 
mentioned above, tensile strength produced in each width 
direction of the poly-V belts la and lb due to the overhang 
arrangement of each of the poly-V pulleys 4 to 7 is independent 
of each other. That is, the tensile strength is divided midway 
in a width direction between the two pieces of the poly-V belts 
la and lb so that a crack hardly occurs in the poly-V belt la 
or lb, resulting in a longer lifetime of the poly-V belt la 
or lb. Further, natural frequency of the poly-V belt la or lb 
around the poly-V pulley 5 of the alternator is shifted so as 
to restrict a belt flapping increase of the poly-V belt la or 
lb at an idling time when the revolution fluctuation is larger. 

Moreover, a pulley to pulley distance of the poly-V belt 
la, which is varied slightly from time to time by belt tension, 
vibration, temperature and the like, is not always the same 
as that of the poly-V belt lb. The natural frequency of a belt 
is generally expressed by a formula mentioned below. 

F = ( 1/2L) x (t/ p ) in 

Where L: pulley to pulley distance 
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T: tension 

p : belt mass per unit length 
Since there is little probability that the natural 
frequency of the poly-V belt la is the same as that of the poly-V 
belt lb, the flapping increases of the belts la and lb due to 
simultaneous resonance thereof hardly take place at the same 
time. Accordingly, without using the conventional clutch 
pulley, the engine auxiliary unit driving equipment having a 
smaller number of component parts and their manufacturing 
processes can be realized at a lower cost, 
( Second embodiment ) 

piece number of the grooves 3 0 of the poly-V pulley 5 
accordingkto the first embodiment is not limited to six (6) 
but may be s^ven (7) or more or may be less than seven, while 
a piece numbek of projections 10 of the poly-V belt 1 has 
projections corresponds to the piece number of the grooves 30. 
In case of the seveiror more grooves 30, a degree of overhanging 
out of the main body \f the engine auxiliary unit as to the 
poly-V pulley 5 is more enhanced so that an advantage of using 
a plurality of pieces (two pieces) of the poly-V belt 1 divided 
in an axial direction of the po^Ly-V pulley 5 is more distinct 
in view of bringing the longer lifetime of the belt 1. Even 
in case of the less than six groovek, if the poly-V pulley 5 
is arranged at a more overhanging position due to a layout 
limitation of the engine auxiliary unit, the use of a plurality 
of pieces (two pieces) of the divided poly-v\belts brings the 
same distinctive advantage as mentioned above\ 
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(Third embodiment) 

Instead of dividing the longitudinally extending 
projections 10 into two groups each having three projections 
in the first embodiment, the projections 10 may be divided into 
three groups each having two projections, as shown in Fig, 4. 
If the piece number of the grooves 30 of the poly-v pulley 5 
is seven or more, seven or more numbers of the projections 10 
of the poly-V belt 1 may be divided into more than three groups . 
Accordingly, the tensile strength produced in a width direction 
is divided midway between any adjacent two of the poly-V belts 
la, lb and 1c so that an advantage of preventing the crack of 
the belt is more distinct. 
( Fourth embodiment ) 

In addition to dividing the longitudinally extending 
projections 10 into two groups each having three projections 
in the first embodiment, side and/or top surfaces of the divided 
poly-V belts la and lb may be connected with each other by a 
resilient member 100 which has no core wires and whose material 
stiffness is lower than that of the poly-V belt 1, as shown 
in Figs. 5A and 5B. This construction serves not only to secure 
the longer lifetime of the poly-V belt 1 but also to easily 
put the poly-V belt 1 on the poly-V pulley 5, which results 
in a lower total manufacturing cost of the vehicle. The fourth 
embodiment may be combined with the third embodiment. 
(Fifth embodiment) 

Instead of dividing the longitudinally extending 
projections 10 into two groups each having three projections 



in the first embodiment, the projections 10 may be divided into 
two groups, one group having two projections and the other group 
having four pro jections , as shown in Fig . 6. With this structure, 
mass per unit length of the respective pieces of the divided 
poly-V belts la and lb are different from each other so that 
simultaneous resonance of the divided poly-V belts la and lb 
are more unlikely to occur, as noted from the formula mentioned 
above as to the natural frequency of the belt. The fifth 
embodiment may be combined with any of the second to fourth 
embodiments . 
(Sixth embodiment) 

Though there is a gap between the respective confronting 
side surfaces of the divided poly-V belts la and lb according 
to the first embodiment, the confronting side surfaces may come 
in contact with each other, as shown in Fig. 7. With this 
construction, when one of the divided poly-V belts la or lb 
is about to flap and resonate, the other one of the divided 
poly-V belts lb or la serves to restrict the resonance and flapping 
of the one of the divided poly-V belts la or lb because of mutual 
frictional contact of the confronting side surfaces of the 
divided poly-V belts la and lb. That is, the divided poly-V 
belts la and lb are operative to restrict mutual belt movements 
so that belt flapping and noises are restricted, resulting in 
a longer lifetime of the belt. 

In place of dividing the poly-V belt 1 at and along a recess 
portion formed between any two of the longitudinally extending 
projections 10 in any one of the embodiment mentioned above, 



the poly-V belt 1 may be divided at and along any one of the 
longitudinally extending projections 10, as shown in Fig. 8. 
In particular, if the piece number of the grooves 30 of the 
poly-V pulley 5 is an odd number and the poly-V belt 1 is divided 
into two pieces, the divided poly-V belts la and lb have the 
same shapes so that the poly-V belts la and lb can be manufactured 
with a standardized forming die at less cost. 

The belt construction shown in the embodiments mentioned 
above is applicable not only to the poly-v pulley 5 of the 
alternator but also to the poly-V pulley 4, 6, or 7 of the engine 
auxiliary units other than the alternator. 

Further, on making a difference of each mass per unite 
length of the divided poly-V belts, each height of the divided 
poly-V belts in a thickness direction may be different in place 
of or in addition to dividing the belt 1 so as to make each 
piece number of the projections 10 of the divided poly-V pulleys 
different. 

Furthermore , each longitudinal length of the divided poly-V 
belts or each piece number or thickness of the core wires of 
the divided poly-V belts may be different to vary each tension 
of the divided poly-V pulleys. With this construction, 
simultaneous resonance of the divided poly-V belts hardly occur , 
as noticed from the formula mentioned above as to the natural 
frequency of the poly-V belt, so that the belt noises are reduced 
and the belt lifetime is prolonged. 

Moreover, the engine auxiliary unit driving equipment is 
not limited to the serpentine type as shown in the first embodiment 



but may be any type, for example, in which the crank pulley 
has multi-stages and respective stages of the crank pulley are 
connected to respective driven pulleys of the engine auxiliary 
units via a plurality of belts. 



